INTRODUCTION
have suggested that variations in replicate vertical plankton hauls can be explained on a random distribution of the population which is affected by variations in the volume of water filtered, and the results of Silliman (1946) and Barnes (1949) are in apparent agreement with this suggestion. It might be expected that the use of a pump would eliminate such volume errors. Further, in view of the increased attention now being paid to ' the use of pumping methods for obtaining plankton samples, it is desirable to know the accuracy, under various conditions, of the volume estimation in such samples. The use of the pump has been described by Gibbons & Fraser (1937) . Comparison of nets, pumps and the Clarke-Bumpus sampler has been given by Wiborg (1948) .
THE ACCURACY OF FILLING A TANK
Various methods have been used for estimating the volume of water pumped, the simplest technique consisting of filtering the water through a net into a calibrated tank to a series of marks. This method has been used in this laboratory. An ex-National Fire Service pump fitted with 2t in. armoured hose has been used, the water being pumped into a galvanized iron tank of dimensions 60 x 60 x 100 em., i.e. a total capacity of approximately 400 1.
The volume of water pumped into this tank in any experiment was determined in the following way. After taking the sample a known volume of concentrated dye solution was added to the water and, after thorougWy mixing, a sample of the coloured liquid was taken and its transmittancy determined using the appropriate filters. The dilution was then obtained by reference to a calibration curve for dilution and transmittancy. The transmittances were determined by means of the Spekker Absorptiometer using 20 em. cells. It was necessary to construct a calibration curve each day using the water pumped on that occasion since the amount of suspended matter and organisms in the water, contributing to the absorption, varies from day to day. The accuracy of such volume determinations was approximately :t I 1.
The procedure was as follows. Having adjusted the pump throttle and valve (see p. 654) to deliver water at an approximately known rate, the person in charge of the delivery hose filled the tank to a mark and removed the hose. As the water level approached the mark the hose was raised so that it could be quickly moved clear of the tank when the desired level was reached. At the same time the water delivered at the pump by-pass was collected and measured in a measuring cylinder (see later for discussion). After filling up to a mark in this way, the concentrated dye solution was added to the water in the tank, and after stirring a subsample was taken. This was repeated several times, the tank being carefully washed out with the hose between each experiment. The transmittances of the samples were then determined and the volumes of water taken in the tank calculated. Results of the first series are given in Table I. (The results given in Tables I-III were obtained with the engine running continuously throughout each series.) The factors influencing the accuracy with which the required volume is obtained, when attempting to fill a tank up to a mark in this way, are the judgement of the person manipulating the hose, particularly in relation to movement of water in the tank, and his efficiency in removing the hose after the mark has been reached. With practice one tends to allow for the small amount added during the removal of the hose. Any change in the speed of pumping will affect the accuracy by its effect on these two factors. It is evident from the results that under these working conditions the volume of water by this method can be taken with reasonable precision and that the variations are very much less than those encountered in plankton sampling.
In the second experiment the pumping speed was increased and the same number of samples taken.
The greater pumping speed increases the motion of the water in the tank and gives more foam on the surface, both factors tending to make the estimation of the point at which the mark has been reached more difficult. The error due to water being added whilst removing the hose is also increased. However, VOLUME MEASUREMENT OF PLANKTON PUMP 653 even with these possible sources of increased errors and under slightly more adverse weather conditions the accuracy of the volume measurement is unchanged. It should be noted that high pumping speeds are undesirable in collecting plankton since they may lead to the washing of material through the net, and to damage of the collected material. The above experiments were repeated on board ship. Here judgement in filling up to the mark is very considerably hampered by any movement, which if the tank is filled to the higher marks may even result in loss of water. Although the error in the measurement of the volume is still quite small it is greater than at double the pumping speed on shore, and with increasing adversity of weather conditions the error of volume measurement on board might be expected to increase rapidly. It should also be noted that during the experiments described no net was used and no material was collected; attention could therefore be focused entirely on filling the tank. On ship, however, even under good weather conditions, the use of tanks can hardly be said to be a convenient technique of volume measurement, since for continuous work two rather cumbersome tanks taking up considerable deck space must be employed, one to be emptying whilst the other is in use. Consideration was given, therefore, to other possible methods of volume measurement. With a pump running at constant speed the timing of the delivery, once it was calibrated (and if checked at intervals) would be satisfactory when using a constant length of hose. However, even with constant hose length, this is not possible with the type of pump in use here, since the rate of delivery is determined both by the position of the main valve and by the engine speed, the latter being controlled by a throttle whose setting cannot be accurately reproduced from day to day.
-- . It was therefore decided to determine whether the volume of water going through the by-pass (used to cool the engine) could be used as a measure of the volume pUmped. This by-pass water is taken through a filter fitted with a cock which can be conveniently used to take a sample. The amount of water forced into the by-pass depends both upon the position of the main valve (which as it is closed causes considerable back pressure) as well as upon the engine speed. At a given engine speed the volume of by-pass water increases as the valve is closed and therefore as the volume pumped decreases. The arrangement is indicated in Fig. I A. The results already given (Tables I-III) show that at a given engine speed and main valve position the amount of water delivered from the by-pass was constant for a constant volume collected (within the limits of error of the latter), and under these conditions the error in the volume of by-pass water is not greater than the error in filling the tank. The factors contributing to the errors of the two estimates of volume pumped are not identical; in taking the by-pass water co-ordination with the person working the hose is of importance for accurate work. That the coefficient of variation of the by-pass volume is VOLUME MEASUREMENT OF PLANKTON PUMP 655 less than that of the tank volume suggests that the co-ordination between the two workers was excellent and that much of the error in taking the tank volume is due to the water added when putting in and taking out the hose, since the by-pass water was taken when the person working the hose gave a shout at the beginning of the experiment and when the mark had been reached, and since manipulation of the vessel collecting the by-pass water was simpler than removal of the hose. That a constant by-pass volume was obtained for other valve positions and engine speeds is shown by the results in Table IV . The actual volume delivered was not measured in these experiments, but the tank was filled up to a mark. Note, These experiments were not done on the same day. The engine speeds would be different, which accounts for similar volumes being obtained with different values of cock position used.
Under given working conditions of fixed valve position and fixed running speed a satisfactory calibration could therefore be obtained between volume of water pumped and by-pass volume. The main valve position is readily reproduced and maintained but a given engine speed is difficult to reproduce. However, with fixed valve position it might be expected that for small changes in engine speed the by-pass water would be constant for a constant volume pumped, i.e. changes in engine speed would affect both volumes of water in the same proportion. Table V gives some results of experiments with varying engine speeds at two fixed valve positions.
. For small changes in engine speed, at fixed positions of the valve, the delivery at the by-pass is a satisfactory measure of the volume pumped. A calibration of the pump is therefore possible in terms of the by-pass water. Mter calibration it would then only be necessary to measure the by-pass water in order to compute the volume of water pumped at a given valve position and engine speed. This by-pass water could be collected in a measuring cylinder. .
In order to ensure that the engine speed is approximately constant throughout any given series the preliminary adjustments have been made with the aid of a simple pressure-measuring device, utilizing the pressure developed in an upright tube at right angles to the direction of flow. As a pressure meter an ex-R.A.F. rate-of-climb indicator has been used. As supplied it records rate of change of pressure, but if the air escape is blocked then actual pressures are recorded in arbitrary units and the instrument is then far more sensitive than the similarly constructed altimeters or air speed indicators. This was attached to one of the two similar paired cocks on the by-pass filters (only one of these cocks can be used at t,he same time; a simple valve allows transfer from one to the other), the second being used to collect the water. A fixed position is necessary and metal tubing and metal unions were used for connexions both to the cock and to the pressure meter.
It was shown that when the pressure was adjusted by means of the throttle to a given value as indicated by this meter a constant volume of water was pumped (at constant main valve position, which is readily reproduced). That this is so is indicated by the results given in Table VI. I' VOLUME MEASUREMENT OF PLANKTON PUMP 657
Collection of the by-pass water, followed by measurement of its volume in a cylinder, is not very convenient, although a good deal more so than the use of two large tanks, and a device has therefore been made which gives a signal when a known volume of water has been delivered. This consists of a vessel (Fig. I B) . with a large and small section connected to the by-pass cock and having platinum electrical contacts at the entrance and exit of the main bulb. The small lower bulb serves to delay the first contact after the by-pass water has been turned on, thus giving the person working the hose time to get ready. The contacts are connected to a thermionic relay in circuit with a bell. Contact is made immediately the water reaches A and the bell rings; the circuit is then broken by means of a switch, which puts the second contact in circuit, and the bell rings again when the water reaches the second contact at B. The person working the hose collects water between the ringing of the first and second bells.
Using this device the volume of water in the tank can be accurately and conveniently taken. The volume pumped for a fixed volume of the by-pass (i.e. yolume of large bulb) with fixed valve position and approximately constant engine speed (adjusted by pressure meter) can be varied by inserting a tap at the inlet to the lower bulb. However, in view of the possibility of such a tap slipping and since in general only a small number of different units of volumes are likely to be required at one period in this type of work, a series of interchangeable tubes of varying bore have been used between the by-pass delivery (kept with cock fully open) and the entrance to the apparatus.
Using this method the results in Table VII were obtained. The apparatus was dismantled between the three runs which were done at intervals of several days, the volume being measured by the method already outlined. Once calibrated (which can be done on shore) the apparatus may be used to collect known volumes of water without the use of large tanks. A small vessel into which the collecting net can be held is used, the net being kept under the water during filtration. If the assumptions of Winsor & Walford are correct, samples taken by a calibrated pump should show considerably less variation than net samples. So far only a small number of samples have been taken and analysed. In the first series of experiments approximately 1000 1. were pumped for each sample and four consecutive samples were taken. The total time to take one sample was of the order of 6 min. (17°1.jmin.), and allowing for the time taken in changing the nets and bottling off the catch the whole collection occupied about! hr. The net was a small fine net (200 meshes to the inch) held in a tank of water with the whole of the filtering surface immersed whilst the water being pumped was, as far as possible, not directed on to the net surface.
Four samples were taken, and since the collections took a considerable time they have been grouped in two pairs and the results of the analysis of variance are given below. In each sample three groups of organisms were counted, namely, copepods (adult stages), copepods (nauplius stages) and lamellibranch larvae (Table VIII) . Analysis of the variance 1 of these data gives the following results:
The values for the times, group-haul, group-time and haul-time interaction are not significant. There is, therefore, no significant change in population, and the analysiscan be simplifiedand regrouped as follows(this is equivalent to treating the data as four consecutive hauls): The mean square for the hauls is not significant. a~H is a measure of the within-haul variance 2 . aGH = 0'0100.
Standard deviation = aGH=O'IOOO= log 1'259, corresponding to a coefficient of variation of 25'9 %. A further pair of hauls gave 21 % as the coefficientof variation of a single observation, the conditions being similar to those of the first series. . These results indicate that little improvement has been effected by the use of the pump, and a third pair substantiated these results. It was thought that the manipulation of the catch on board was a possible source of error, and in a fourth series a pair of nets was used for the filtration. Two samples were taken of 220 1., the total tinie between beginning the first haul and completing the second being less than 10 min. These nets were new and 'identical' and were soaked for some time before use. After filtering the pumped water, the nets were carefully transferred to buckets without removing the collecting bucket and taken to the laboratory where the catch was removed with extreme therefore cast upon the assumption that the variability of net hauls is due to variation in the volumes of water filtered, since this was controlled in the pump samples, and it seems desirable to re-examine the assumption that the animals are randomly distributed, since it was upon a random population that variable volume filtered was supposed to act. Work designed to investigate the distribution of the organisms, using a new method of sampling, is already In progress. 69'076 (19) 51'699 (7) 161'5°7 (9) 128'69°(II) 1726'151 (12) 227'718 (6) 5-4°4 0-170 170-400 4°°-1000 > 1000
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SUMMARY
The accuracy of volume estimation in filling a marked tank by means of a plankton pump has been determined. The method even in its simplest form is satisfactory under good conditions. Further refinements, in which the plankton was filtered off, after filling a modified tank (for example with an overflow device) would no doubt increase the accuracy.
A device is described by which, using an ex-N.F.S. pump, a constant (but variable by selection) volume of water can be taken without the use of large tanks.
A small number of sets of samples taken with adequate volume control indicate the same order of variability as net hauls. Comparison of the distribution ofX2 for paired sampleswith nets and pumpsalsoindicatesvariationof a similar type.
. These results suggest that the variability of net hauls is not entirely due to the variations in the volume of water filtered. Further work is in hand to elucidate this question.
